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ABSTRACT 

An experimental stnay is conilueted on scour caused by 

submerged circular impinging water Jet on the beds of cohesion* 
sediment 

Xess^of median diameter 2 loa and 0.17 mm* An attempt is also 
made to sWdy the perforanance of geotextiles as a scour protec- 
tion device. The characteristic features of scoured bed in the 
asymptotic state have been analysed. It is observed that initial] 
the dynamic scour depth increases with time In logarithmic trend 
then it departs from logarithmic trend and attains a limiting 
value. The dynamic scour depth in asymptotic state, when the Jet 
is on, static scour depth after stopping the Jet, are found to be 
function of densimetric Eroude number Fj, height of impingement 
and square root of the area of the nozzle A^ as /Aj)* 

Experimental data avuiaahle in literature for circular wall Jet 
of water on sand of median diameter 3,2 and 1 mm and solid ciroi 
Jet of air <m sand (D a 0.26 ram), polystyrene (0 » 1,4 rm) also 
agree with this functional form. Radius of scour hole in asynpt 
state, is found to be function of FJ/P^(H/ /A^), where takes 
into account the effect of viscosity on fall veloofty. It is fc 
that geotextile can prevent scourlns very effectively provided 

that it is anchored properly and placed at 2 ci and id.beloif o. 

J J 

bed level. 
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CHAPTER^l 

m^DUCTION 


Erosion is the detachiaent and renoval of rock and 
soil particles fr<Ho their environment hy the action of water. 

It constitutes the beginning of motion of particles that were 
previously at rest and their rasoval from the region under 
consideration. 

On the basis of aerial extent and to a sc«te%diat lesser 
degree on eroslonal intensity* erosion may be divided into 
land or soil erosion and local scour. Land erosion, an engineering 
problem applies primarily to the accelerated erosion of agricul- 
tural land. Local scour on other hand is used to describe those 
erosion phenomena involving a single unified floir pattem as 
e,g, the local scour aroiind bridge piers, at the base of outlet 
structures* or by normally or obliquely impinging Jets, 

Most of the studies dealing with erosion and scour 
have been empihcal because of the ccwiplexlty of the idiysical 
process involved, Itoderstanding of the scour problem has been 
aided considerably by investigations of scour by Jets* Iben a 



jet impinges on a bed of cohesionless material, scour process 
occurs througli the kinetic energy of jet impact and by the forces 
generated by flowing water, fhe jet penetrates into the bed by 
scouring bed material out of the scoured hole and throws some of 
the scoured siateriai all around the hole forming a ridge, rest 
of the scoured material remains in circulation by the high vorticit 
generated by jet» fhe process of r«^oval and redeposition of bed 
material continues for a long time, with gradual deepening of 
scour hole* A limiting depth of scour is reached when rate of 
deposition of a bed material heccKse equal to the rate of scour* 
jet strikes bed of oohesionless material in unsubmerged condition, 
it gains more kinetic energy before striking the bed, but when 
submerged jet strikes the non-coheslve bed, it looses some of its 
energy before striking the bed in entraining the surrounding fluid. 

The impingement of a jet on a surface finds application 
in a number of engineering problems. Jet issuing from hydraulic 
outlet works, weirs, vertical take off aircraft, the cavltating 
water jet drills, effluent discharge by jets are eseamples of such 
problems* On other hand, the prevention of damaging scour at the 
base of bridge piers and spill-ways is an Important part of the 
design of hydraulic stiructures* 

In the present work, submerged round jet has been used 
for scouring the beds of different sediment grades and geotextiles 
have been tested as scour protection device, fhe following chapter 
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reviews the work carrie<l out hy various researchers 
on scour by jets« Some information in brief a&out geo- 
textiles are given ia Chapter 3* Chapter 4 describes 
the experiesat?! proce'*are obs*^rvatlon3. The hydraulic 
eharacteri sites of Jet, its securing action aad performance 
of geotextilo scour nrotection measure ore auaiysed in 
Chapter 5« Conclusions and the recowroenda tlona for further 
study are given in the concluding Chapter, 



GH&PTER 2 


UTEBATiniE REYIEtf 


Considerable research has been reported in studying 
the characteristics of submerged ;iets. Starting with the 
pioneering work of Rouse (1940) » a number of studies have 
bean made on the erosion of loose cohesionless material by 
submerged circular and plane jets, in the Impinging and wall 
jet modes* Detailed review on the scouring by submerged jets 
are given by Rajaratnara. 

ttai on of Submerged Jets 

Based on the studies by Albertson, Dai, Jensen and 
Rouse (1950) and Bajaratnara (1977 )> It was found that as the 
direct result of turbulence generated at the borders of a 
submerged jet, the fluid within the jet will undergo both 
lateral diffusion and deceleration, at the same time fluid 
frcna the surrounding region will be brought into motion* ^e 
diffusion process is dynamically similar and the longitudinal 
component of velocity within the diffusion region varies 
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according to the xtomal probability function at each cross- 
section* It is found that the potential core is followed by 
an axisyiametric type decay region in which velocity varies 
inversely with the axial distarice and moraentum is preserved, 
as the Jet moves in forward direction. 

2 ,2 Scour i ng C haracteristics 

Rouse (1940) conducted the first systematic study on 
scouring of nearly uniforot fine sand hy vertical submerged 
jet .Through dimensional analysis and Laboratory experiment s^ 
he found that the scour depth varied directly as the logorithm 
of duration of scour ♦t* for an appreciable part of the process 
and hence 

« m log ... ... (1*^ 

^o o 

where, 

S * the scour depth at t 

s» the scour depth at t^ and, 
n a the constant of proportionality depending on 
flow and sediment characteristics* 

On the basis of equation (1) Bouse conducted that 
scour depth progresses without a limit for uniform sand. 
However, for graded sand the scour hole gradually got paved 
with coarser material and the scour depths obtained were less 
than those given hy the logorithmlc Law. The deviation 



increased vith time* The particles having fall velocities 
greater than jet velocity were tezned as non-soourable 
particles* 

Doddiah, Albertson and niomas (1953) studied scour 
froBi Jets and obtained an equation siailar to the eqisationll, 
and they concluded that a scour depth of any chosen magnitude 
can be reached provided the bed is allowed to be scoured for 
sufficient sicc. Tlieir erperiwents were conducted apt© t » 

120 minutes* 

Laursen (1952), showed nhat the limiting scour depth 
occurs when there is supply of sediment into the scour hole* 

He obtained an equation for scour depth variation with time 
and this equation when plotted with time on log scale appro** 
ximates to a straight line over a considerable range hence to 
a logarithmic law* Oiough his argament about the existence of 
limiting scour can not be disputed^ his experiments. conducted 
upto a maxlmuiB duration of 300 minutes * do not show any devi- 
ation frcmi logarlttmiic Law* The tendency of scour depth to 
reach a limit is not Indicated by the experimental values. 

Clark (1961) and Sanaa Slvsankar (196?) report that 
the progress of scour is not strictly logarithmic and constants 
involved for logarithmic laws are not easily predictable, Ahmad* 
(1955) experiments on scour below the apron of a weir also show 
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tfaat ftftfir acMia long Initial tiata, tba aaowr daptte Aatiata 
trm tlie lagari^taie lav saeb that they mrm leae than these 
gives hy extimpelatisg the logaritimie lav* 

Carstes (1964)* is his study en sinilarity lavs far 
leealis^ scour* gave the relation 

(sediaent out tlov from seour) ^(sediaiaiit inf lev into the) « n* 
hole per second ** scour hole per second 

(Tol«of seen] 
hole ) • * * {2 

On the basis of this equation* he concluded that scour progresses 
vithout lisiit as ttoe tends to infinity, vh^ there is no sedinient 
supply to the scour hole and en the other hand reai^es a liait 
lAcn there is sedineat supply* fhis aeans tiiat for all values 
of sodiBont snpply inclnding thmto toiling to soro* the Halting 
scour depth is finits and for the value of sodisumt supply equal 
to sore* it shoots 'Upto .liulia^tf* Any such douhle valued fhneticns 
for moar process ars-inadiHssihls* 

Saraa* Sivsanhar (1947) and Saraa (1947) concluded 
that tbe true seour<»tiae relationship should ho such that 

(i) It glvas sere aeour depth idion t » 0 

(ii) at any tlae^«||^ is a positive quantity* however* 
aaall it ia. 

(til) A Halt arista for scour depth* hut is reached 
only asyaptatieally when all the varlahles 
except tiae are kept constant, and 
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(iv) tt approximates to a logarltbnio relationship. 

They concluded that the scour depth is a tangent 
inverse function of time and that the limit exists for scour 
depth. The progress of scour approximates to a logarithmic 
law in two adjoining ranges of time. 

Erosion caused hy submerged circular air Jets impinging 
on loose hed of sand and polystyrene was studied hy Rajaratnam 
and Beltaos (1977) and based on their study, they found that Ss, 
the static depth of erosion and radius at which the depth of 
scour was zero, in terms of H, the impingement height, were 
mainly function of Fj/(H/d) for large H, in which the densimctric 
Fronde aumher Fj a Bj/^gD , where Dj ts Jet velocity, g » acce 
leration due to gravity, D a the median grain size , = the densit 

of fluid and j^p « the difference between the densities of sediment 
and the fluid. 

Brositm by submerged circular Jets was also studied by 
Eajaratnam (1982), Rajaratnam and Berry (1977) stt^iad the 
erosion produced by submerged circular wall Jets of air and 
water on the beds of polystyrene and aanil* TJ>ey found that the 
characteristic lengths of erosion proc.^ss in terras of the Jet 
dJameter *d* were jfunction of only . Further the eroded bed 
profiles were found to possess the property of geometrical 
similarity. 
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Bajara^aiS and Roger, Hacdougall (1983) and 
Eajaratnaia (1981) studied erosion by planewall Jets with 
miniffiiaa tall water, 

Walter and Kabir (1983) studied the effects of 
impingement of submerged water on non-uniform stream bed 
through laboratory experiments and theoretical analysis* They 
found thai; the scour depth was influenced by gravel gradation 
and armor drcticulytne scour depth was reduced due to armor action. 

ilecently, Dwivedi (1988) studied the scour pheneetena 
on sand beds of uniform grain size by submerged annular water 
Jets. He found the presence of vortex type of flow in the scour 
hole. He found that the scour hole deepens with time but finally 
reaches a stable state, this limiting scour depth is a function 
of Fo, depth of sulMBergence and grain size of sediment. 

Erosion of natural embanfcaents of a river, canal or 
shore lines of sea is a common phenomenon due to the action 
of flowing water. In certain case s^ depending upon the nature 
of soil the erosion can be severe and so fast that it begins 
to endanger nearby inland structures of their very foundations. 
Local erosion due to intensive action of flow can be termed 
as scour. The traditional method of controlling scour is to 
shield the particles from the moving water with a flexible 



- 10 - 


protective structure* Elp->rap (ijorkeu rocks) or heavy anaour 
stones* concrete blocks articulated concrete mattresses are 
some of the traditional structures that can be utilised for 
scour protection* To prevent the loss of underlying soil* a 
graded aggregate filter is used between the natural soil and 
protective covering* Posey (1974) studied performance of pro- 
tection wor’f for prevention of scour around the bridge pier 
on scale model with inverted filter and fotmd better performance 
thasi that for protection without filter. But the difference in 
particle sisse between the natural soil and protective covering 
could make the use oX us many as five layers of differently 
graded aggregates necessary in such granular filter* It cen 
prove difficult and expensive to install a multi-layer erosion 
protection and filtration system* The use of & gootextile filter 
can simplify construction of the erosion control measures as 
Illustrated in figure, 

Sap-rap layer 

— Base Filter 

Geotextile - - 


2*1 Bank protection Scheme with Geotextile 



Croclbole and Mehendale (1989) conducted expertaiaiit 
with Nylon filter in place of in'rerted graded filter and 
found no scour around the pier and also no dlsplacment of 
hloehs provided on the Nylon filter. 

Details of proioction jork nsxng g8otea:tile3 and 
their porfomauce are given by J okn { 11 ) and Roaaor (13 ) , 

No worJf ha« reported on geotextile as protection 

measure to control «?cour due to water Jets, A brief review of 
gootextiles and their nse in scour and erosion protection is 


gi’«ren in Chanter 3* 



CHAWEE 3 

^ mm OF GE0T EXTI LE3 AS AH EROSION 
COt^OL DE y iCg 

3,1 Geotastiles la Perspective 

Geotextltles are ^efitied as permealjlo textiles used 
In conjunction vlth soil or rocks, as an integral part of aan 
aade project. Geotextitles are used in a wide range of appli- 
cations, tbo main applications are erosion control, soil fil- 
tration, road sub-base separators, reinforcing soils in embank- 
ments and retaining walls. 


3 , i ,1 Basic Geotextile J^ctions 

Four basic functions of geotextile are Identified 
nantelF separation, filtration, reinforcement and drainage. 
These basic functions can be summarised as follows, kben used 
as separator, the geotextile must prevent the intermixing of 
particles from two soil layers with different properties. This 
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prexrtnts contiminatioii irhicli can jUapalr the Intendad behaviour 
of granular soil layer, %lhere It is to be used for liquid trans* 
mission, the geotextile itself must provide the drinage medium 
for water or gas to flow out of the soil# If it is to act as 
reinforocaaent, the geotextile must have sufficient streingth and 
surface bond to hold the soil mass together* Idiere its role is 
that of filtration the geotcxtile must promote the development 
of a natural filter in the adjacent soil, holding back the other 
soil particles while at the same time allowing the water to pass 
through* 


Hie selection of suitable geotextile for a particular 
design is based upon matching the geotextitles ability to perfoim 
each of the basic functions to their relative importance in that 
design applications* 

^phs of Geo text lie 
Raw Materials 

mm 'iwv'es we '« mi e p " wwi wi 

The four main polymer families most widely used as the 
raw material for getemtile are s 

(i) Polyester 
(ti) Polyamide 
(iii) Polypropylene 
(Iv) Pclyethylfoie* 
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Although most geotextiles are made from synthetic 
polymers, a few specialist geotextiles may incorporate either 
steel ifire or natural hiodegradahle fibres. 

3.2*2 Wov en Geotextile 

Geotextiles can he subdivided into several different 
categories baaed on their method of ©anufucture. Woven textiles 
were the first to he developed frtws synthetic fibres. As their 
name implies, these geotextiles are manufactured using weaving 
techniques adapted from tiiose used to weave clothing textiles* 

It is generally found that woven geotextiles have a relatively 
high strength and a relatively low extensibility i>*ea compared 
to other types of geotextlies of the same weight. 

3.2,3 Non«*woYen Geotextile 

fhere are three main subdivisions of this typo of 
geotextile, based upon the way in wnich the geotextile fibres 
are bonded toge«ner • namely thezmally bonded, chemically 
bonded and mechanically bonded, fhe random distribution of the 
filaments of non*woven geotextiles contains a wider range of 
opening sizes than is found la a woven geotextile. Ihe absence 
of any preferred orientation to the filaments also gives the 
noil-woven geo textile a more isotropic strength. These geotextiles 
are usaally 2 to 5 am thick. 
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Scffite other ccwaonly used types of geotextiies are 
knitted geotextiles » polymer nets and mats, strips webs, ties, 
biodegradable geotextlle and cosposites, etc. 

3*3*1 ‘ ^aditional Fratection 

Rip-rap or heavy anaour stones, concrete blocks etc, 
are som& of the common traditional protections device used as 
around hydraulic structures* The weight of these devises helps 
the soil particles in the banks or beds to resist the effect of 
any seepage Into watertmy* However, the protective material is 
usually required to be permeable in order to prevent the build 
up of hydrostatic pressure. The drainage openings which can be 
very large in case of rip^rap would expose the underlying soil 
to erosion* To prevent erosion geotextiles can be used in place 
of traditional inverted graded filters* 

3*3*2 Eip*«ra|> groieciion 

In West Germany, the Federal Institute for Waterways 
Engineering has established standard designs for protecting the 
banks of waterways* Fig. 3*1 shows the most widely used system 
of protection which is bonded rip-rap laid over a layer of thick 
composite geotextile* This is intended for use on the banks of 
waterways which have a side slope between 1 in 4 and 1 in 3 and 
a maximum vessel size of 1550 tonnes. 



Pig. 3,1 Bonded ilip-rap protection with Geotextile 


In some soils, there is a tendency for particles 
to hecome loosened in the wave zone even when protected hy 
geotextile and the rip-rap • Without precautions, the loosened 
soil particles may move down the slope to produce a bulge and 
a depression in. the protection worh« fhis problem can be avoided 
by using a c<Hsposite geotextile* 

Concrete Block protectio n 

Heavy closely fitting concrete unbonded blocks are 
used for erosion control* If some means of linking the concrete 
block together Is utilised, then this additional integrity 
enables a lighter weight of concrete block to perform in a similar 
manner to a heavier weight of rip-rap protection* 
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By using two orthogonal sets cables to link the 
individual blocks tc^ether, a flexible articulated panel is 
created which can be laid over the geotextile filter* 

3.3*4 Gabion Mat tress ^^_ I ^oection 

Gabion are the laesh baskets* which are filled with 
relatively soiall rocks. The gaoion mesh prevents these small 
rocks from being washed away by wave action as it completely 
encases them. This form of construction also ensures that 
gabion are inherently peimeable and flexible. 

5 ^ Scour pro tect ion 

Flow of water over an obstruction causes a local 
increase in water velocity* together with eddies and vortices* 
This can cause the erosion of the stream bed sediment to be 
concentrated around structures such as pipelines, oil and gas 
production platforms* bridge abutments and piers. 

3,4.1 Bridge _Pier and Abu tments 

Scour protection around bridge piers and abutments 
often consists of a covering of large rip-rap stones around 
their base, separating the scour susceptible sediments fram 
the water currents. A geotextile sheet laid beneath the rip-rap 
provides additional proteetion by limiting any tendency for the 
sediments to wash into the rip-rap. 
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FIG- 3-2 SCOUR PROTECTION FOR BRIDGE PIER 
WITH GEOTEXTILE 



FIG. 3-3 SCOUR PROTECTION FOR BRIDGE ABUTMENT 
WITH GEOTEXTILE 
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Fascine uattresSf prefatirloated ballast mattress are 
used in seabed protecticn work* Polypropylene trends have been 
used as artificial seaweed in sea bed scour protection work 
since about 1963* 

3*5 Rainfal l Erosion Con trol 

On steep ground with little or no covering of 
vegetation, rainfall erosion can be a majlor problem* ConiHion 
geotextiles for rainfall erosion control or special biode- 
gradable geotextiles for providing temporary cover to soil 
can be used* 


««*«§• 

«»*«## 




CHAPTER 4 

EXPERIM ENTS AND EXPERIMENTAL RESIJL1?S 

TbQ experiiasjital inTestigation lias been carried out 
with « test set np as shown in Fig* 4*1, 

A cylindrical tank of diaaeter 57 era and heigbit 90 c® 
was filled with sand of the required size* This tank was put 
concentrically tdthin larger tank of diameter 75 era and height 
ilO cst* Thus there was an annular space of 9 cm between the 
inner and outer tanks worked as a sediment trap* The impinging 
Jet was provided by a 2,5 cm diameter nozzle fitted at lower 
end of a 7*5 cm diameter vertical pipe. This vertical pipe of 
diameter 7«5 cm was connected to the horizontal pipe of the 
same diameter which draws water from an overhead reservoir, thus 
providing supply at constant head during arnn. Flow stralghtners 
were inserted in the vertical portion of the 7*5 c® diameter pipe 
to produce a symetrical Jet, In the horizontal portion of the 
pipe a sluice valve was provided to regulate the discharge from 
the Jet, 



21 - 


All outlet for water was provided fm the outer tank, 
which discharged the water to a v-notch tank used to measure 
the discharge. The position of nozzle of the J(et was fixed ^ 
the sulmtergence levels were varied by changing the height of 
the sediment bed above the bottom of the inner tank* 

The exportvaents vare coadweted with the 2*5 cmi diameter 
nozzle* Ttfo types of sands with mean size D (50 finer than 
this size) of 2.0 and 0*17 mss were used. The physical and geo- 
notricai chorticteristics of bed materials are suasaarised in Table- 


Ih© erosion process for both the sands with and without 
geotextile was observed from beginning to the asymptotic state* 

In all these experiments, the depth of water was al^fays above 
the Jet exit, which itself submerged the grains* 

The velocity heads of the Jet at different axial distance 
from the Jet exit were measured with the help of pitot tube of 
dimaeter 1*2 ram* The velocity heads were measured in terms of 
height of water column* 

The maxiraiBB scour depth at centre of the scour hole, 
dynamic as well as static scour profiles in asymptotic state 
were taken with the help of point-gauge with flat bottom. 
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fhe as3enl>lies for measuring velocity heads and scour 
hole profiles were mounted on a travelling bridge capable of 
being rotated in any direction* 

For each run the maximum deplb of scour was measured 
at different time intervals* The dynamic profiles in asymptotic 
state were measured in eight different radial directions at 
intervals of 45® around the jet axis* 

After stopping the discharge from the Jet the static 
profile for each ruaa were measured in four radial directions* 

During this study, it was recognised that the scour or erosion 
observed after the Jet is stopped could be significantly different 
fr<wa the erosion profile that exists with the Jet on* The erosion 
depth with the Jet on is referred to as the depth of dynamic 
scour, depth of erosion observed after the Jet 

is stopped is referred to as static depth of erosion *3^*. While 
the static erosion profile was easily measured with the point 
gauge, the measurement of dynamic profile needed a lighting 
arrangffisent* 

Two series of experiments were conducted for 2,0 am sand* 
In iihe first series submergence level H measured from bed level 
to Jet exit was maintained constant and Jet velocity 0^ was varied. 
In the second series flow velocity of the Jet was kept constant 
and the submergence level was varied. Third series of experiments 
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w«re conducted with O,!? mm sand (Ganga sand) in which the 
sutHsez^ence level was kept constant and Jet velocity was varied. 
In the fourth series of experiiaents, the Geotextile was tested 
as a scour protection device. The geotextiles wore cut into 
circular shape. 

In each run, the geotextile was anchored on the sand 
toed with U-pin anchors concentrically with Jet axis, length 
of U-pin linitos was 10 cm, with 2 c»a gap between th«E, Anchors 
were pressed through the geotextile into the sand toed perpendi- 
cularly. The H-pln anchors were placed in radii 7.5 cm and 
12.5 ca with the c/c spacing of 5*0 cm on inner radius and in 
staggered way on outer radius. Before starting the Jet, the 
level of geotextile was noted. \^en the Jet was on, the level 
of depression at centre line of Jet was recorded at different 
time intervals. Bach time the anchors were checked for proper 
anchorage. The failure of geotextlle is considered idien warping 
of geotextlle takes place due to piping below geotextile and 
lifting of anchors occur. In another series of experimoats, 
geotextlle was kept 5 cm and 10 cm below the bed level and 
oxperliients were repeated with eensttut sutoKei ge£.cc level *n* 
and Jet velocity In steady sfcafee, the surface profiles 

of geo textile with Jet on and Jet off conditions were measured. 
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Suramary data of experiments are given in Table 2, 
All relevant data are presented in graphical form in 
Chapter 5 * 
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Table 1. Physical anrl Geometrical Characteristics 
of the Bed Materials, 
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CHAWER 5 

ANALYSIS OF RESm.TS 

In view of the complexities of the problem due to 
mobile bed hindering the 4et flow» a c<»tplete theoretical 
solution of the problem of local scour by Jets is not possible* 
An experimental investigation of the problem has been carried 
out to obtain empirical relationships for flow characteristics 
and scour properties. The variable experimental parameters 
considered in the analysis are the Jet velocity at exit 
submergence depth H, median grain size of the sediment mass 
density of the sediment P , and the kinematic viscosity of water 

Hie functional relationships for the decay of center 
line velocity of Jet with distance, scour characteristics of 
the bed in dynamic ai^ static conditions, have been derived from 
the experimental data in terms as described in the following 


sections. 
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5 Yaloclty ^^ 

As th® Jet flows out from th® nozzle. It entrains the 
surrounding fluid, causing reduction in the centre line velocity 
after the potential core region* '!Riis reduction in velocity 
increases with increase in axial distance* From the principle of 
conservation of ^omient, it has been shown that the total raosientum 
of the Jet remains constant along the axial distance* Ihe laaxlmmi 
velocity decays linearly with increase in axial distance. This 
state of Jet flow is valid till the Jet strikes the sediment hed. 
Once the Jet strikes the sediment bed, due to intense erosion, 
the sediment is scoured out forming a hole around the Jet. 

ihe deepening and widening of the scour hole continues 
till an equi librium state is reached* ihe equilibrium state may 
be defined as the state at idiich no net erosion takes place or 
ezt>sion equals the deposition of sediment occurlng due to vortex 
flew botween the Jet boundary and scour hole boundary* ^Hiis 
vortex ccMpresses the Jet and may confine the Jet all around* Dne^ 
to this confinement of Jet the growth of Jet boundary and decay 
of centre line velocity below original bed level in the scour 
hole may be different from that above the scour hole* In order 
to study decay of centre line velocity, moa suresaent of velocity 
at different axial distance from Jet exit was carried out using 
pitot tube* The values of centre line velocity U, normalised with 
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▼elocity at jet exit are plotted against the oorresponding 
▼alues of axial distance Z, noxaallsed with square root of the 
cross-sectional area.Aj, of jet exit as Z/ as shown in 

Pig, 5.1. Prom Pig. 5.1, it is clear that the U^/U remains 
unity till Z/ s? 5 and than increases with Z/ The zone 

Z/ yAj<C5 can he temed as potential core region or developing 
region. The zone Z/ >5 is developed zone. Fig. 5.1 shows 
that in the zone of established flow, the velocity decays linearly 
with the axial distance Z. The regression equation, using method 
lit least square fit, for velocity decay in established flow region 
is 



a 0.610 + 0.077 — ^ 


with correlation coefficient fi a 0.97. 




«. (5.1) 


in order to study the decay of the centre line velocity 
of jet, xn the confined zone of scour hole, the plot of i@ 

made against -g- in Fig. 5.2, where * centre line velocity 
at the original bod level and H » depth of inpingmsent measured 
as the difference in levels of jet exit and original bed level. 
The jet impingement depth 'H* is used instead of /A^ as used in 
Fig. 5.1, because the jet at the bed striking level is pro- 

portional to H. Frcm the plot, it is observed that this velocity 
also varies linearly with axial distance. Trend of velocity decay 
in the scour hole is represented by a straight lihe. 

« 0.9663 ♦ 0.6764 ♦. .. .. (5.2) 

with B a 0.94 





5*2 Scour C haracterlatlca 

The Jet Issuing from the nozzle, quickly penetrates the 
sand hed nearly the full depth of the scour hole then tt deflects 
hack XroBi the hotton of the hole* Eetuming water car3:l.es scoured 
Btaterial with It and throws over the hed. Some of the material, 
thrown out, forms a ridge, all around the scour hole, while the 

remaining portion remains in suspension. The material thrown 

/ 

down- stream of the ridge stays there but the material upstream of 
the ridge slides along the slope into the scour hole and gets 
entrained into the water in the scour hole and again gets thrown 
out of the hole. Initially depth of scour hole increases with 
time, after some time depth becosies constant, \fhen the Jet is stopped, 
the material upstream of the ridge slides quickly, into the scour 
hole, whose sides attain an inclination angle equal to its natural 
angle of repose. 

5.2.1 Dynamic Scour Depth 

The growth of the dynamic scour depth at the centre, s 

I) ^ 

with tine, is shown in Fig* 5*3* which shows that latlally Sjj 
increases linearly with log t. After certain time, the variation 
of ^ with t deviates from this logarithmic tread to finally 
approach the asymptotic value of Fig, 5.3 shows that for 
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fins sedliaent 1>e<3 (D u 0*17 a®)* scour depth reaches to asymptotic 
state earlier than the coarser bed (D » 2,00 ma). 


Considering the maximum depth of scour hole^ Sjv , one can 

"09 

write a functional relationship. 



P, H, j » * \)j 


(.5 3) 


in which Oj ** Jet velocity at noszlOi^ P « the mass density of 
fluid. H * height of impingement, Aj a cross sectional area of 
nozzle, /\pm the different of mass density of the bed material 
and the fluid, g «s acceleration due to gravity and "0 ss the 
kinematic viscosity of the fluid. Using dimensional analysis 
Equation 5*3 can he reduced to 
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(5.4) 


in which Fj * Oj/ygCA?/? « densimetric Fronde number of the 
system* For larger values of Heynolds number (greater than a 
few thousand), the effect of visocisty can be neglected and 
Equation 5.4 can be reduced to 






e 

* "IF* 


3 






m 1^ 


(5.5) 


Dynamic scour depth depends on the flow conditions at 
the original bed level. This can he taken into account by 
modifying the functional term of Equation 5.5 as 
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(5.6) 
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(5.7) 


whoro Sjj^ represents the scour depth normalised wltit the Jet 
width at the original bed level. Hie experimental observations 
on the depth of erosion for the asysiptotie state are plotted 
in Fig. 5*4. The wall jet (iata of Iiwivedi (8) for water^sand 
and circular Jet data of Rajaratnam for air-sand, air-polystyrene 
(14) and water-sand (18) are also shown in figure. Ibe regression 
line, drawn ttiough iho data points in figure 5,4, Is described 
by the equation 


T 


F. 


I - 0.06l6 + 0,4461 — 

« = o .,8 


(5.8) 


Extrapolation of the straight line in figui'e 5.4, shows 
that for H) *s 0, Fj/'(H/ ) has a positive value, This 

indicates the presence of resistance in cohesionless bed materials 
against erosion and that the initiation of scour occurs only when 
flow conditions had attained certain critical values* In this 
study, the critical value of Fj/fl/ ,/Aj) a; 0.1381 . 

5.2 .R Static^ 

The static scour depth (Sg ) is measured as the difierence 
in the original bed level to the deepest portion of the scour hole 
after the Jet is stopped. As in the case of dynamic scour depth, 
the static scour depth Sg can also be shown by the equation 
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FIG 5-5 STATIC SCOUR DEPTH Ss.AS A FUNCTION OF 
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L (H/ yr^) 


• # 


# « 


« « 


(5.9) 


Fig* 5*5 shoirs the variation of nondiraensionaXised S*, 
vith P^/(H/ yAj)* Wie noan line shown in Pig. 5*5 can toe represent 
ted toy the equation 



« 0*0903 + 0*1050 

0.89 


(«/ Taj ) 




5*2*3 Radlns o f Scour Hole 


•« (5*io) 


Itoe radius of scour hole r^ at original toed level, 
nondlaensionalised toy the depth of Impingement H, with corres- 
ponding Fj/(H/ has toeen plotted in Pig* 5 *6(0). This figure 

shows that the data points for 2*0 mm sand and 0*17 mm sand 
follow two different trends* This indxcates the presence of 
some other forces which affect the scour process near the top 
of the scour hole* When the Jet is started^ it penetrates into 
the sand toed toy eroding toed material* After a certain depth, 
when the scouring capacity of Jet ceases, it dflects hack and 
reaches the top of the scour bole with consideratoly smaller 
velocity* Since the velocity of undeflected Jet remains very 
high, viscosity does not play a significant role tout as the 
velocity of deflected Jet toecomes very araall near the top of 
the scour hole, «ie effect of viscosity should toe taken Into 
consideration* For testing this, the values of r /H are plotted 
with corresponding values of P^/P|^(H/ -/Aj) io Pig* 5*6(to). 
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Where P, 


gD- p 

and ^ «* kinematic viscosity of water. 




• • # • 


(5.11) 

(Bef,24) 


Pig, 5.6 (h) shows that *^o«,/H varies linearly with 

2,0 !BHi and 0.17 a® sands and this varia«. 
tion is described by the equation 

*’<>• P. 

-g- » 0.0979 + 0,1028 .-r-... (5,12) 

(H/ -s/Aj ) 

E » 0,9763 


5,2,4 S conr^Hole l^ollles 

Daring the stndy^ It was observed that the eroded 
bed profiles for the diffei«nt experiments appeared to be 
similar and hence the profiles were tested for similarity 
by plotting t*e S^/Sq against r/r^ in which is the depth 
of erosion at center (nnder the jet) and r^ a the length scale 
defined as the value of r in which a 0.5 , Fig. 5,7 

shows the dimensionless dynamic scour hole profiles for 2.00 ima 
sand. There is some scatter in the data points but it can be 
noticed that profiles are similar. Fig, 5,8 (a) shows some 
scour profiles in static condition, i,e, after stopping the jot, 
Dlaieusionless static scour profiles for 2,00 mm sand, are shown 
in Fig, 5, 8(b). Pig, 5,9 and Fig. 5*10 show the scour profiles 
in dynamic and static conditions respectively, for 0,17 ami sand. 
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FIG 5 7 SIMILARITY OF DYNAMIC SCOUR PROFILES 











FIG 51C(a) ASYMPTOTIC STATE ERODED 
BED PROFILES (STATIC) 



FIG S 10(b) similarity OF STATIC SCOUR 
PROFILES 
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They also show the similarity in the scour profiles. All these 
dynaotic state profiles are described by a vertical face throughout 
most of the scour hole, followed by a slopping surface at the 
upper part with a ridge down stream of the bed. When the jet 
is stopped, the material in suspension and from up stream of 
the ridge settles quickly to fill part of the scour hole, with 
outward shift of the ridge. Bed slope, upstream and down stream 
of the ridge is equal to the angle of repose of the bed material, 

5*3 Perf pTO anoe of Geo t estil ea 

Details of geotextiles are given in Chapter 3* Some of 
the geotextiles are tested here as scour protection device, Geo- 
teAtlles were placed at different elevations with respect to the 
sand bed level, in different test runs with constant submergence 
level H, and constant jet velocity Depression oi geotextiles 
with time was noted. Figure 5*1 i sLows nhe increase in the 
Central depression of different geotextiles at different position 
for different runs with time. Figure 5*il shows that for high 
velocity (D^ » 4,62 m/sec.), the geotextile assembly fails when 
it is placed at the bed leve^ but does not fail when it Is placed 
below bed level. 


It was observed that when there was depression in the 
central part of the geoextile, i*e, below jet, the outer peri- 
pheral portion of the geo textile was heaved (Fig, 5.15) and the 
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anchors in that region tried to corae oat from sand bed. That 
v;as caused by the upward thrust exerted by water that had 
entered into the sand bed due to the force of the jet and depo- 
sition of bed material that had been removed from central portion. 
VJith higher jet velocity (U^ = 4,61 m/sec.) and when geotextile 
was placed at the sand bed level, piping below geotextile was 
effected by the seeping water v>rith rapid removal of bed material 
from below the geotextile. Due to the combined effect of impact 
of jet on the geotextile and removal of material, the central 
portion of the geotextila was depressed into the bed and it got 
warped Vv'ith failure of anchors. This state is considered as 
failure. One typical failure is shown in figure 5.12. This 
surface profile indicates the maximum depression at the centre 
of the geotextiles with steep downward slope near and towards 
the centre and increase in bed elevation in outer peripheral 
region. 

No failure v^as observed when the geotextiles were 
placed below bed level, for same jet velocity (tb = 4.61 m/sec.). 
During the experiments with geotextile placed below bed level, 
the outer peripheral portion of geotextils remain covered by bed 
material. Because of the presence of bed material above the .^eo~ 
textile, the failure was prevented. Its cause can be explained 
by the necessity of using filters on tne down stream side or tne 
darns and canal embankments. 
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For comparison, the dynamic surface profiles are shown 
in figure 5*13 with and without geotextile for same Uj and 
impingement height H, This figure shows the formation of cieep 
cylindrical scour hole in sand bed without geotextile, but shows 
very small depression in central portion of the bed covered with 
geotextile and slight increase in bed elevation in outer region. 

5 .4 Compar i son with Previous Work 

Experimental dat<. of air Jet on sand bed and polystyrene, 
water Jet on sand bed by Eajarataam (i977» 1982) and data of 
circular well jet ot wai-er on sand bed by liwivedi (1^88) are 
plotted in Figure 5.4, they follow the saeie trend for submerged 
case. Experiraontol dato for tvisnbnerged case of sand water by 
Eajaratnara (1981) lie veil above tae data lor submerged case. 

This shows that for the same grain size, the dynamic depth of 
scour la imsabmerged oasa is more thnn that for submerged case. 
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FIG 5-13 DYNAMIC BED PROFILES WITH 


AND WITHOUT GEOTEXTILE 



CHA^EE 6 

COMCLOSKSiS AHI) BECflUMBliBATKaiS 


6*1 ^acXttgl oas 


Based oa aa aaperineatal stady at '^e arosiirai of 
ooiiosionloss saad l»«ds By salHBeiiad ioplagiag eirealar watoi* 
jet aad perfomaaee of geoteactiies as seoar yrol»etli^ ■oasaro« 
tBe foXXoidLag eoBelasitmgfWQ Be aade* IBe axial Telootty <i€ 
jet deoays llaearly la axial direetioa ia deaelopod tlm iogioii« 
IBe SModano dopl^ of dynwaio arosioa* oeeariag imder jotf iaesoa^ 
SOS llaearly witB logatltBa of tioo for a large part of tBo erosion 
prooessf tBm grsw^ iiBf tBis seoar deptB departs iron tit# aBooio 
neati^sd relatiim to oywEitaally KoaeB an asyoptotio oariaid' stato« 
tBe proftla of tBe seoar Bole Bas laiea fonad to Bo sinffsar* Slo 


asyoptotio yalao of dyaimie seoar as well as statio so<Hir ia tarns 
of a Bare Beea foaad to Bo naialy faaotioas of f^/iW >A|)« 
asimptotie radias of sooar Bole (r^ J la tens of doptB of inptagfN. 


neat H is a fnotloa of is a eooffioioBt 

i^ooi walao dopinds on Tisoosity of flaid ^ nsdiaa also and dsRst^ 


of Bod natorial* It is iatonstiag to find that tin ^osoat aaalysis. 
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appears to be able to correlate reasonably well, the sand-alr, 
polystyrene-water data, for circular solid jet, of Rajaratnam 
and sand water data, for annular wall jet of Dwlvedi. 

For scour protection, geotextiles can be used effectively. 
The geotextile assetably falls only due to failure of anchors and 
by removal of very fine sand particles from below the bed. Since 
geotextiles are flexible, permeable but have very fine pores, theji 
can be used, with proper weighing down arrangement and anchorage, 
as scour protection measure without danger of bursting due to 
uplift pressure or removal of bed material. 

6,2 Recommendation for Future tforh 

of 

In present study, the bed/^ uniformly graded sands have 

been used. The armour action, the paving of coarse gravel at 
scoured surface occurs in bed material having a wide gradation, 
which generally occurs in practice and affects the scouring 
phenomena. Hence sediment of non-uniform bed of wide gradation 
should be used. 

Container of large size should be used so that the 
area affected by jet can be found out. The jet should not be 
connected to the main overhead tank directly, it should he 
connected to a separate oveihead tank with arrangement to deliver 
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water at constant head to eliminate the vibrations aiwi velocity 
fluctuation « 

Since the failare of geo textile assembly occured due 
to failure of CUpin anchors » different type of anchorage arrange- 
ments should be used to keep the geo textile a in stretched condi- 
tion* Sand and gravel of different grading should be placed below 
the geotextile and their effect on piping phenomenon and perfor- 
mance of geotextile should also be tested* 
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